Abstract. The next step in the demonstration of the scientific feasibility of a tokamak fusion reactor is a DT burning plasma experiment for the study and control of self-heated plasmas. In this paper, we examine the role of the toroidal magnetic field on the confinement of a tokamak plasma in the ELMy H-mode regime -the operational regime foreseen for ITER.
It is commonly taken for granted that the next step in the development of a tokamak fusion reactor is a DT burning plasma experiment, where charged fusion products (i.e., α-particles) are the main source of plasma heating. Several of these experiments have been proposed over the years -ITER being the most prominent [1] .
The operational mode foreseen for ITER is the ELMy H-mode, for which a number of empirical scaling laws have been published. In general, such scaling laws are cast in the form [2] τ ω ρ β ν α E c i
where τ E is the plasma energy confinement time, ω c is the ion cyclotron frequency, which is what has prevented the construction of ITER so far. All three of these problems -large density, beta and size -could lessen by operating at larger toroidal magnetic fields ( B ).
To see how important is the toroidal magnetic field for the scientific feasibility of a burning plasma experiment, let us consider the energy balance of a DT tokamak and assume that the plasma thermal losses, represented by Eq. (2), are the dominant loss of plasma energy. We have
where
, σv is the nuclear fusion rate and the brackets < > indicate the volume average.
One important engineering parameter is the average neutron wall loading P w , which in ITER-EDA [1] is 1.0 MW/m 2 , and 0.5 MW/m 2 in later versions of this project [4, 5] .
At constant values of q 95 , A and k, the neutron wall loading scales as
This, together with Eq. . .
From these equations, where the temperature T is a free parameter that we assume varying in a restricted range where N is constant, we see that the plasma linear dimension given in Ref. [2] . We consider both T n and P w as input parameters, and for the latter we impose the constraint of making the total plasma heating power (i.e., the sum of the power of α-particles and that of auxiliary heating) larger than P LH .
The linear dimensions of the case with B=13 T are very similar to those of Ignitor.
This is indeed an extraordinary result since the size of the latter has been determined using a completely different transport model [6] . Consequently, considering that Ignitor has a larger plasma current (11 MA) as well, we conclude that this experiment has the potential for reaching the same goals of ITER-RC and FEAT, i.e., Q=10. However, this is contingent upon accessing the H-mode ELMy regime, a possibility that might be jeopardized by the absence of a divertor in the Ignitor design.
On the contrary, both the linear dimensions and the plasma current of the case with B=10 T (fourth column) are substantially larger than those of FIRE [7] . Consequently, for the latter we reach the opposite conclusion than for Ignitor, i.e., that the scaling law of Eq. (2) will prevent FIRE from reaching Q=10. This should allow a pulse flattop duration of at least 50 s under adiabatic conditions.
Throughout Tables 1 and 2 we have used q 95 =3.0, which is the value used in all versions of ITER. As pointed out several times by the proponents of Ignitor [6] , such a low safety factor could result in a large region with q<1, where the confinement of α-particles could be jeopardized by the deleterious effects of internal m=1 plasma instabilities. However, the safety factor can be increased by lowering the aspect ratio and/or increasing the elongation. For instance, in Table 2 we get q 95 =3.6 (the value used in Ignitor [6] ) with a 5% enlargement of the minor radius and by increasing the elongation to 1.8. Fortunately, both changes are beneficial for the energy confinement time (Eq. (2)).
In conclusion, the large values of n G and β N that are necessary for obtaining an energy gain of 10 in ITER-RC and FEAT cast serious doubts on the possibility of reaching the programmatic objectives of these experiments. This is a direct consequence of the confinement scaling laws that have been chosen as the physics basis of these experiments and the low value of toroidal magnetic field. The same scaling laws predict that the plasma linear dimension and the normalized values of plasma density and beta are all decreasing functions of B. Hence, by using a larger toroidal magnetic field, one can operate in a safer plasma regime with a smaller device. Tables 1 and 2 experiments is the study of plasma transport in an α-dominated regime, the most important requirement for their pulse duration is to be much longer than the plasma energy confinement time. Fortunately, for the proposed tokamaks in the present note this condition can be satisfied using cryogenically cooled normal conductors.
Finally, the last exercise in this paper is the scaling of the reference discharge of ITER-FEAT to three ignited tokamaks with the same values of magnetic field used previously. By constraining the power of α-particles to be 20% larger than P LH , we obtain the parameters of Table 3 showing similar values of β N , β p and n G for all three tokamaks. Consequently, the preferred option must be selected on the basis of engineering and economic considerations. 
